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Patent  So.  1443533 

Valter  Blochl 

Procedure  for  producing  polyf luoroalkylphosphonic-, 
-thiophosphonic- ,  -phosphinic-  and  -thiophosphinic  acids  and  their 
derivatives  and  their  use  as  surface-active  substances,  as  lubricants 
and  lubricant  additives  and  for  oil-  and  dirt -repellent  impregnation 
of  textiles,  paper,  leather,  varnish  and  wood. 


The  present  invention  describes  the  production  of 
polyf luoroalkylphosphonic-  and  -phosphinic  acids,  -thiophosphonic- 
and  -thiophosphinic  acids  which  do  not  contain  fluorine  in  the  a-  and 
8-posltions  to  phosphorus,  and  also  their  derivatives  and  their  use 
for  oil-  and  dirt-repellent  impregnation  of  textiles,  paper,  leather. 


A 
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varnish,  and  wood.  Likewise  the  use  of  these  compounds  as 
surface-tension- lowering  substances  and  as  lubricants  and  lubricant 
additives  will  be  described.  They  possess  new  properties  and  thereby 
differ  aore  froa  the  previously  known,  coaparable  nonf luorinated 
coapounds.  In  this  case  we  are  talking  priaarily  about 
alkyl  phosphonic  acids  and  -phosphmic  acids  whose  alkyl  chain  carries 
a  perfluoroalkyl  reaainder  with  at  least  six  perf luorinated  carbon 
atoas,  whereby  there  can  be  no  fluorine  in  at-  and  8-postions  to  the 
phosphorus.  These  f luoroalkylphosphonic  acids  are  cheaically  and 
theraally  aore  stable  than  pure  perf luoroalkylphosphorus  coapounds, 
and  have  the  general  foraula 


whereby  Rf  ia  a  perfluoroalkyl  reaainder  with  aore  than  5  carbon  atoas 
which,  however,  can  have  a  chlorine  or  hydrogen  atoa  in  the 
w-position,  but  preferably  is  a  perfluoroalkyl  reaainder  with  8-20 
carbon  atoas. 

X  can  be  hydrogen  or  an  aliphatic  alkyl  reaainder,  Y  designates 
alkoxy-,  aralkoxy-,  aroxy-  or  aaine  reaainder,  halogen,  -SH,  or  -OH. 


n  la  larger  than  1,  preferably  2  or  3 
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Thn  oxygen  can  ba  totally  or  pact  tally  replaced  by  sulfur.  The 
derivatives  of  the  free  acids  and  their  salts  bring  about  a  great 
reduction  in  the  surface  tension  in  ionising  solvents  such  as  water 
or  alcohol.  The  solutions  foaa  even  with  very  snail  concentrations. 
Above  all,  the  phosphonic  acid  salts  are  excellent  wettinq  and 
eaulsifyinq  agents. 

The  esters  and  asides  or  the  acids  are  very  good  wetting  agents 
for  waxes  in  quantities  fros  0. 1  to  0.01  ®/0.  They  faciltate  the 
unifora  application  of  varnish,  aetal,  and  plastic  and  inhibit  the 
salting  out  of  individual  components.  The  waxed  surfaces  are  not  as 
easily  soiled  and  the  appearance  or  water  spots  is  prevented.  The 
esters  of  the  corresponding  thio-acids  are  excellent  lubricatinq  oils 
for  aetals.  Sven  saall  additions  of  about  2  ®/0  to  nornal  lubricatinq 
oils  raises  th«»ir  lubricatiug  effect  at  high  bearinq  pressures  and 
reduces  wear.  The  oils  are  protected  froa  oxidation. 

of  special  significance  are  the  acid  derivatives  which  carry 
polyeerixinq  eater-  or  aaide  groups.  Thus  the  acid  aeides  which  can 
be  derived  froa  ethyleniaine  are  outstanding  substances  for 
iapreqnatinq  textiles,  paper,  leather  and  wood.  The  qlycidyl  esters 
are  likewise  suited  for  this.  With  diluted  solutions  of  these  two 
classes  of  coapounds  textiles,  leather,  paper  and  other  aaterials  can 
be  easily  iapreqnated  and  given  excellent  resistance  to  vashinq.  Very 


DOC  *  0285 


PAG*  4 


dilute  aqueous  solutions  or  aaulsions  of  the  aside,  or  solutions  of 
glycidyl  ester  in  trichloroethylene  are  particularly  suitable.  By 
short-tern  heating  to  120°  C  the  iapregnation  on  the  substrate  can  be 
hardened.  Textiles  or  paper  which  have  been  thus  iapregnated  repel 
oil,  gasoline,  heptane  and  dirt.  Hater  is  also  repelled  well.  At  the 
sane  tine  the  aaterials  acquire  a  f la se- resistant  behavior.  The 
production  of  these  coapounds  xs  possible  using  the  given  nethods. 

Through  the  Nichaelis-Arbusov  reaction  of  phosphinic  acid  ester, 
preferably  nethyl  ester,  with  a  i luoroha logen  allcane  of  the  general 
foraula: 

Hf  -,(CX2)  .  Z 

wherein  R  is  a  part luoroalkyl  reaainder  with  nore  than  five  carbon 
atons.  In  the  e-position  this  ceaainer  can  have  a  fluorine  atoe 
replaced  by  a  chlorine-  or  hydrogen  aton. 

X  is  hydrogen  or  a  snail  alkyl  reaainder  with  fever  than  five  carbon 
atons.  Z  indicates  a  halogen,  preferably  chlorine  or  bronine. 

Preferably  tha  components  are  nixed  in  a  nolar  ratio  and  heated 
to  120°  C  to  170°  C  in  a  nitrogen  ataosphere.  After  several  hours  the 
reaction  aixture  can  be  separated  by  distillation.  The  yields  contain 
up  to  90  o/0  of  the  desired  f luoroalkane  phosphonic  acid  ester. 
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A  second  usable  sethod  foe  ester  production  is  the  addition  of 


phosphorous  acid  ester  to  olefins  which  have  a  longer  perf luoroalky 1 
chain  but  are  not  fluorinated. 


v,,« 

'  OR 


OK 

WT  o.  A  IBM  _  I 

o.  NaOCHj^"  Rf^CH2^ne2^  *  0 

OR 


n  *  0  to  5 


This  reaction  proceeds  with  a  very  high  yield  and  produces  pure 
products.  In  addition  to  UV-irr adiation  the  addition  can  also  be 
radically  triggered  wt h  azoisobutyric  acid  dinitrile  at  60-70°  C  or 
with  peroxide  Initiators  such  as  tertiary  butyl  peroxide.  Sodiue 
alcoholate  is  also  an  exceptionally  good  catalyst  for  the  reaction, 
■hen  using  the  analogous  thiophosphor ous  acid  ester  sinple  heating  is 
sufficient . 


A  new  and  particularly  siaple  procedure  consists  of  the  addition 
of  perf luoroalky 1  iodides  to  alaylenephosphonic  acid  derivatives. 
Here  we  are  talking  particularly  about  vinyl  phosphonic  acid  and 
al lyl phosphonic  acid  and  their  derivatives.  Vin ylphosphonic  acid 
chloride  is  a  particularly  well-suited  starting  aaterial  on  which 
perf luoroalky liodide  can  be  added  advantageously  between  170°  c  and 
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400°  C  using  Uf-radiation  or  radical-foraing  catalysts,  such  as 
azoisobutyric  acid  dinitrile  as  Mali  as  by  thersal  stiaulation.  The 
obtained  f luoroalkyl phosphonic  acid  chlorides  are  easily  saponified 
and  yield  valuable  surface-active  phosphonic  acids  which  are 
de-iodized  into  acid  salt  solution  using  zinc  dust.  The  phosphonic 
acids  obtained  in  this  Banner  easily  add  two  soles  of  epichlorohydrin 
by  ring  separation.  These  esters  can  then  be  converted  in  as 
water-free  a  aediua  as  possible  into  glycidyl  esters  using 
HCl-separation  by  9poxy  ring  foraation  with  an  RC1  acceptor,  such  as 
aainas  or  alkalis.  These  esters  are  excellent  iapregnating  agents  for 
textiles  and  excellent  raw  aaterials  for  varnish.  If  one  replaces 
f luoroalkylphosphonic  acid  dichloride  with  equivalent 
ethyleniaine-pyridine-ether  solutions  then  the  dianides  with 
ethyleniaine  are  foraed  which  can  be  freed  fron  iodine  in  an  aqueous 
aediua  with  sodiua  aaalgaa.  Following  extraction  with  tri 
[trichloroethylene]  and  subsequent  distillation  separation  of  the 
extracting  agent  the  diaaide  is  recovered  which  is  partially  soluble 
in  water  and  which  also  has  an  excellent  oleophobic  iapregnating 
effect  on  all  cellulose  substrates  and  on  wool  substrates. 


Bxaaple  1. 


7  g  1-iodoperf luorodecane  are  aixed  with  1.2  g  of 
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vinylphosphonic  acid  die  blonde  and  irradiated  for  20  hours  with  a 
500-S  aercury- vapor  la  ap  in  a  glass  aspoule  in  a  protective  gas 
atmosphere  excluding  oxygen.  Du  rug  this  tiae  it  is  shaken 
continuously.  The  light  violet  fluid  is  dissolved  in  15  caJ  of 
tetrahydrof uran  and  added  by  drops  to  0.9  g  of  ethyliaine  and  1.6  g 
pyridine  in  10  ci>  of  ether  with  cooling  and  stirring.  After  drawing 
off  the  pyridine  hydrochloride  tne  solvent  is  evaporated.  The 
reaaining  oil  is  taken  up  m  400  c«J  of  acetone  and  a  cotton  cloth,  a 
piece  of  suede  leather,  and  a  piece  of  filter  paper  are  impregnated 
with  it.  The  piece  of  suede  was  exposed  to  rooa-teeperature  air  for 
one  day.  All  pieces  show  a  strong  wash-stability  and  water-  and 
oil-repellent  character.  Gasoline  beads  up  on  it.  The  pieces  are  not 
easily  soiled  and  are  then  very  easily  cleaned.  If  one  ignites  the 
cotton  or  paper  over  a  ilase  the  fiaae  stops  burning  as  soon  as  the 
unburned  pieces  are  held  out  of  the  fiaae.  The  charred  edges  do  not 
have  an  afterglow. 


Bxaaple  2. 

24  g  of  1-iodo-8-chloroperf luorooctan e  are  aixed  with  6  g  of 
allylphosphonic  acid  diaetnyl  ether  and  50  cm3  of  diisopropyl  ether 
and  after  the  addition  of  0.5  g  of  azoisobutyric  acid  dinitrile  the 
aixture  is  heated  under  a  nitrogen  ataosphere  to  70°  C  for  five 


I 
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hoars.  Then  the  sane  quantity  of  1IBN  is  once  again  added  and  the 
aixture  heated  for  8  hours.  The  solvent  is  distilled  off  and  the 
reaction  aixture  is  shaken  for  4  hours  with  100  ca3  of  10-®/o  aqueous 
sodioa  bisulfite  solution.  Then  100  ca3  of  trichloroethylene  is 
added*  shaken  and  the  heavy  phase  is  drawn  off.  The  extracting  agent 
is  distilled  off.  Proa  the  residue  under  a  vacuum  at  Kp  =  125°  C  and 
1  aa  Hg,  16.2  g  of  pure  fluoroalkyiphosphonic  acid  residue  are 
recovered,  the  eleaentary  analysis  of  which  confirms  the  following 
for aula. 

0 

ci  (cr2)8  .  (ch2)3  .  p-och3 

^  OCH, 

The  yield  is  65  ®/0  of  the  theory  for  iodine  alkane.  This  oily 
substance  is  an  excellent  incoabustible  lubricant  for  bearings  and 
its  density  is  so  great  tnat  is  does  not  fora  oil  specks  on  water. 


Bxaaple  3. 

8  g  of  1-iodo-perf luorodecane  are  placed  with  1.5  g  of 
vinylphosphonic  acid  chloride  in  a  pyrex  Carius  tube  and  heated  to 
220®  C  for  5  hours,  following  cooling  the  Carius  tube  is  opened  and 
the  content  trickled  into  20  ca3  of  hot  water  and  this  aixture  is 


treated  with  10  ca3  of  concentrated  HCl  and  stirred  with  zinc  dust 
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for  1  hoar.  It  is  then  decanted  from  the  zinc  and  shaken  briefly  with 
25  cm »  of  concentrated  sulfuric  acid.  The  heavier  nonaqueous  layer  is 
separated  in  nild  heat  and  in  fact  consists  of  fluoroalkyl  phosphonic 
acid  with  the  fornula: 

CFj  (0F2)  .  CU2  .  CH2  -  P  -  OH 

\0H 

This  product,  even  in  very  mnute  concentrations,  reduces  the  surface 
tension  of  water  and  other  polar  solvents  and  is  an  excellent 
enulsifier  for  highly  fluormated  liquids  and  resins.  Convert  the 
phosphonic  acid  obtained  in  this  aanner  into  a  diisopropy let  her 
solution  by  drop  by  drop  addition  of  a  double  molar  quantity  of 
epichlorohydrin  while  stirring  for  two  hours  in  the  recycle  and  then 
separate  with  a  suspension  of  finely  divided  sodium  hydroxide  in 
polyglycol,  in  a  quantity  equal  to  the  molar  quantity  of  the 
eoichlorohydr in,  stirring  for  three  hours,  and  then  boil  off  the 
hydrogen  chloride  in  the  recycie.  it  is  then  treated  with  80  cm3  of 
trichloroethylene  and  wasned  twice  by  shaking,  each  time  with  30  cm3 
of  water.  The  solvents  are  evaporated  from  this  solution.  From  the 
remaining  glycidyl  ester  -  preliminary  condensate  mixture  5  g  are 
emulsified  using  an  ultraturrax  £Tr.  note:  This  term  could  not  be 
found  in  available  sources. ]  in  50  cm3  of  warm  i).2-o/0  aqueous 
solution  of  phosphonic  acid  produced  according  to  this  example  which 
has  been  neutralized  to  a  pH  of  8  with  sodium  hydroxide; 


I 


ii*»* 
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siauitaaeously  0.5  g  of  polyvinyl  alcohol  is  added  as  a  stabilizer. 
This  suspension  can  be  kept  for  a  long  tiae  and  can  be  diluted 
further  with  water.  Using  a  suspension  diluted  to  1  °/0  content  of 
iapregnating  agent  a  piece  of  cotton  is  impregnated,  squeezed,  dried, 
and  heated  by  ironing.  Then  the  aaterial  is  washed  out  well  with 
water  until  it  is  free  of  eaulsifier.  After  drying  oil,  water, 
gasoline,  and  benzene  are  repelled  by  this  aaterial.  compared  to  an 
untreated  saaple  this  iapregnated  fabric  also  displays  flane 
resistance. 


Exaaple  4. 

3  g  of  glycidyl  ester  reaction  mixture  froa  Exaaple  3  is  mixed 
vigorously  with  50  c«J  of  a  2Q-o/o  solution  of  Epikote®  83*  in 
aethy lisobuty Ike tone.  To  this  solution  add  the  sane  quantity  of  9-o/o 
solution  of  Versaaid®  125  in  aetnylisobutylketone.  The  pot  life  of 
varnish  produced  in  this  aanner  is  about  two  hours.  Two  degreased 
iron  plates  are  dipped  into  this  varnish.  One  is  dried  at  25°  c  for 
30  hours,  the  other  is  dried  at  150°  C  for  10  ainutes.  on  both 
samples,  on  which  the  varnish  has  now  hardened,  water,  oil,  heptane 
and  toluol  bead  up.  A  comparison  plate  with  the  saae  varnish  without 
the  addition  of  the  fluorophospbonic  acid  derivative  does  not  show 
this  property.  Tarnished  surfaces  soiled  with  oil  vapor  and  dust  are 
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coaparably  easier  to  clean  if  they  contain  f luoroph os phonic  acid 
coapoands  as  an  additive.  In  contrast  to  noraal  epoxy  resin  varnish, 
the  sarface  of  synthetic  resin  varnish  aodified  with 
f looroalkylphosphonic  acid  derivatives  does  not  becoae  dull  even 
after  prolonged  contact  with  solvents  which  would  otherwise  cause  it 
to  swell. 


Exaaple  5. 

3  g  of  glycidyl  ester  reaction  aixture  froa  Exaaple  3  are 
dissolved  in  30  ca5  of  trichloroetnylene  in  the  ratio  1:1  and  aixed 
well  with  0.15  g  of  diethylene  triaaine  .  This 

solution  is  then  thinly  sprayed  onto  an  incoapletely  hardened  layer 
of  epoxy  resin  varnish  and  left  to  harden  for  24  hours.  This  coating 
protects  the  varnish  froa  the  swelling  effect  of  solvents. 

A  cellulose  regenerative  fila  iaaersed  in  this  solution  diluted 
to  1:10,  after  drying  for  24  hours  becoaes  water-,  oil-,  and  glue 
repellent  and  antiadhesive.  A  polyethylene  sheet  or  plate  treated  in 
the  saae  aanner  shows  at  considerably  lesser  peraeability  to  water 
vapor,  oxygen,  solvents,  odors  and  flavors  than  an  untreated  test 
piece. 


i 
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Exaaple  6. 

A  polyester  textile  fabric  is  inaersed  briefly  in  the  dilated 
solation  prepared  in  Example  5  and  dried.  After  24  hoars  the  test 
piece  is  water-  and  oil  repellent  and  hydrocarbons  also  bead  up  on 
it. 


Exaaple  7. 

15  g  of  vinylphosphonic  acid  dichloride  together  with  60  g  of 
perfluoroocty 1  iodide  is  injected  as  a  mixture,  at  a  rate  of  0.4  g/a, 
up  into  a  pyrex  glass  tube  2  aeters  long  with  a  6-aa  inner  diaaeter 
which  is  wound  into  a  vertical  spiral.  This  glass  spiral  is  heated  to 
300°  C.  At  the  lower  outlet  of  the  reaction  tube  the  vapors  are  fed 
under  no  pressure  into  100  ca3  of  10-®/„  aqueous  solution  of  anaonia. 
After  throughput  of  the  total  quantity  this  solution  is  neutralized 
with  concentrated  hydrochloric  acid,  zinc  dust  is  added  and  it  is 
stirred  for  four  hours  at  40°  C.  it  is  then  decanted  froa  the  zinc 
and  100  ca3  of  concentrated  sulfuric  acid  are  added  whereby  the 
aixture  is  allowed  to  heat  up  to  60°  C.  The  aqueous  sulfuric  acid 
solution  is  separated  and  the  phosphonic  acid  which  is  insoluble  in 
the  sulfuric  acid  is  easily  crystallized  out.  One  obtains  55.2  g  of 
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this  acid.  Tha  anaoniua  salt  of  the  triethy lanine  of  this  phosphonic 
acid  can  be  added  in  quantities  of  0.01  to  0. 1  °/0  to  coaaercial  hard 
waxes  for  floor  care.  Hard  waxes  aodified  in  this  Banner  do  not 
water-spot  in  contrast  to  noraal  waxes. 

Example  R . 

As  described  in  Example  7,  a  aixture  of  65  g  of 
8-hydrogen-l-iodoperf luorodecane  with  15  g  of  ally 1 phosphonic  acid 
dimethyl  ester  is  forced  into  a  Hastelloy  c  tube  one  aeter  in  length 
with  a  3-am  inside  diameter,  with  a  speed  of  3  caVnin,  under  a 
pressure  of  300  ata.  Using  an  oil  bath  the  tube  was  kept  at  about 
270°  C.  At  the  other  end  of  the  tube  the  liquid  is  cooled  and  using  a 
pressure  retaining  valve  the  pressure  is  reduced  froa  300  ata  to 
noraal  pressure  and  dissolved  in  100  ca3  of  aethanol.  After 
throughput  of  the  total  quantity  the  mixture  is  shaken  vigorously 
with  sodium  aaalgaa.  After  addition  of  water  the  heavier  ester  layer 
is  separated.  67  g  of  H(CF2) ^.(Glg) ^  were  recovered;  Kp  = 

137°  C;  density  (25°  C)  *  1.638.  This  is  a  lubricating  and  hydraulic 
oil  with  high  density  so  that  it  does  not  float  on  water.  It  does  not 
corrode  aetals  and  does  not  soften  elastomers. 


Example  9 
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for  preparing  a  bisiluoroalJcylphosphiaic  acl4  Ntkfl  eater  1.9  g 

.  0 

of  diallylphosphinic  acid  eethyi  ester  (CH2-CH-CH2)  and 

^  c  *■  xOCH, 

19  g  of  1-iodoperf luorohexadecane  are  welted  in  a  pyres  tube 
excluding  oxygen.  This  tube  is  heated  and  shaken  for  an  hour  at  260° 

C  in  an  oil  bath.  It  is  then  cooled  and  the  reaction  aixture 
dissolved  in  100  ca*  of  trichloroethylene  and  shaken  vigorously  for 
10  hours  with  an  aqueous  MattSO,  solution.  Then  this  solution  is 
washed  with  water.  This  solution  is  excellent  for  caring  for  varnish; 
it  does  not  attack  the  varnish  and  has  an  oil-  and  soil-repellent 
effect. 


Cxaaple  10. 


To  a  aixture  of  6  g  of  aonothiophos phorous  acid-0, 0-diethyl 
ester  and  18  g  of  1, 1,2-tnhydroperfluorodecane(1)  gradually  add  1.5 
ca*  of  a  concentrated  alcohol  sodiun  ethylate  solution.  After  heating 
for  five  hoars  at  90*  C  asd  subsequent  distillation  13  g  of 

✓°°2H5 

CF,(CF2)7CH2.CH2-Pies  will  be  obtained;  Kp  =  123®  C  at  1  aa  Hg. 

5  z  T  *  4  N)C2U5 

this  oil  has  excellent  lubricating  properties. 
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Example  11. 

Dissolve  6  g  of  aonothiophosphorous  acid-0, 0-diethyl  ester  in 
100  ca3  of  benzene  and  treat  it  while  stirring  and  cooling,  with  an 
absolute  alcohol  sodiaa  ethylate  solution  which  was  aade  froa  0.87  g 
of  8a.  Heat  to  50°  C  and  at  this  teaperatore  add  by  drops  19  g  of 
1-iodo-1, 1,2, 2-tetrahydroperf luorooctane  in  50  ca3  of  benzene.  After 
stirring  for  four  hours  at  this  teaperature,  cool  and  filter  the 

aixture.  Following  evaporation  of  the  solvent  11  g  of 

>6 


CFj(CF2)j.CH2.CH2“  r^OC2H5 reaaia;  Kp  =  102°  C  at  1  aa  Hg.  The  yield  is 


Claia  1. 


A  aethod  for  producing  polyf luoroalkyl  phosphonic  acids  and 
-phosphinic  acids,  as  well  as  their  sulfur  analogs,  which  do  not 
contain  fluorine  in  the  at-  and  p-position  to  phosphorus  is 
distinguished  by  the  fact  that  one  adds  f luoroiodoalkane  thermally  or 
radically  to  unsaturated  polyf luoroalkyl phosphonic  acids  and 
-phosphinic  acids  or  that  one  adds  phosphorous  acid  ester  ionically 
or  radically,  using  the  aethod  presented,  to  f luoroolef ins  which 
contain  no  fluorine  on  the  double  oond,  or,  using  a  known  aethod, 
that  one  converts  then  with  f luorohalogenalkanes  which  do  not  contain 
fluorine  in  the  a-  and  p-position  to  the  reactive  halogen,  according 
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to  Hichaelis-Arbusov  with  trialkylphosphites. 


Cl aiw  2. 

A  Method  for  oil-,  dirt-  and  water-repellent  impregnation  which 
simultaneously  has  a  flame  retardant  effect  on  textiles,  paper, 
leather,  and  wood  is  distinguished  by  the  fact  that  polymers  or 
monomers  of  the  f luoroalkylphosphonic-,  thiophosphonic-  and 
f luoroalkylphosphinic  and  thiophosphinic  acid  derivatives  chemically 
anchored  to  the  substrate  are  either  applied  or  are  produced  in  situ, 
and  they  do  not  have  fluorine  in  the  e-  and  8-position  to  phosphorus. 


Claim  3. 

■  Hathod  for  oil-  and  water-repellent-,  as  well  a»  anti-adhesive 
coating  of  varnish  and  piastre  surfaces  and  sheets  for  a  simultaneous 
reduction  of  the  permeability  by  easily  penetrating  organic 
substances  and  inorganic  gases  is  characterized  by  the  fact  that  one 
applies  f luoroalkylphosphonic  acid  derivatives  which  interlace 
chesically  with  the  substrate  or  which  polymerize  in  situ,  in  the 
given  case  with  the  addition  of  a  polymerization  catalyst  or 
hardener,  or  mixes  them  with  varnish  or  the  sheet  composition  prior 
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to  processing. 


Claim  *». 

Lubricatinq-  and  hydraulic  oils  which  are  heavier  than  water  are 
characterized  by  the  fact  tnat  baaed  on  fluoraalkyl  phosphonic  acid 
ester  and  -thiophosphonic  acid  ester  which  do  not  have  fluorine  in 
the  a-  and  Depositions  to  phosphorus,  they  are  used  as  a  lubricant 
additive  and  as  lubricating  oil. 


Claia  5. 

A  aethod  according  to  Claia  1  is  characterized  by  the  fact  that 
chlorof luoroiodoalkanes  or  t luoroiodoalkanes  are  heated  together  with 
unsaturated  alkyl phosphonic  acids,  -thiophosphonic  acids,  -phosphinic 
acids,  and  -thiophosphinlc  acids  or  their  derivatives  in  the  gas-  or 
liquid  aixture,  advantageously  at  tenperatures  higher  than  150°  C, 
preferably  between  200  and  350°  c. 


Claia  6 
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&  aethod  according  to  Claias  1  and  5  is  characterized  by  the 
fact  that  nnsaturated  phosphorus  derivatives,  preferably  vinyl-  and 
alljl phosphonic-  and  - thiophosphoaic  acid  chlorides  are  heated 
between  250°  c  and  350°  C  between  10  ainutes  and  10  seconds  with 
f luoroiodoalkanes,  preferaoly  perf luoroalky 1  iodide  with  6-25  carbon 
atoas. 


Claia  7. 

1  aethod  according  to  Claia  1  is  characterized  by  the  fact  that 
one  adds  f luoroiodoa lkanes  or  chlorof luoroiodoalkanes  to  unsaturated 
alkyl phosphonic-  and  -pnosphinic  acids  or  their  derivatives  such  as 
chlorides,  fluorides,  esters,  and  asides  in  a  aixture,  diluted  or 
undiluted,  using  radical-forarng  radiation,  preferably  with  uv  light. 


Claia  8. 


A  aethod  according  to  claia  1  is  characterized  by  the  fact  that 
one  adds  f luoroiodoalkanes  or  chlorof luoroiodoalkanes  to  unsaturated 
alkyl phosphonic  acids  and  -phosphinic  acids  or  their  derivatives 
using  a  radical-foraing  catalyst  such  as  azoisobutyric  acid  nitrile, 
or  benzoyl  peroxide. 
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data  9. 

A  aethod  according  to  Claia  1  is  characterized  by  the  fact  that 
using  a  known  method  one  brings  to  reaction  halogenf luoroalkanes, 
which  do  not  contain  fluorine  in  the  cr-  and  8-position  to  the 
reactive  halogen,  with  trialkyl  phosphites  according  to  the 
Hichaelis-Arbusov  reaction. 

Claia  10. 

ft  aethod  according  to  Claia  1  is  characterized  by  the  fact  that 
in  a  known  aanner  to  f luoroolef ins  and  halogenf luoroolef ins  which  do 
not  have  fluorine  in  the  double  bond,  one  adds  phosphorous  acid 
derivatives,  preferably  the  dialkylester,  theraally  through 
irradiation  with  0?  light  or  catalytically. 

Claia  11. 

ft  aethod  according  to  Claia  3  is  characterized  by  the  fact  that 
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one  - osts  the  surface  of  the  substrate  with  the  compound  types 
described  in  Bxaaple  .1,  advantageously  addin?  a  catalyst,  such 
organic  polyaeines. 
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